This study was conducted to see whether children living in socially deprived areas were more likely than other children to be admitted to hospital for asthma, and, if so, whether their excess risk was attributable to a higher prevalence of asthma or poorer treatment. Hospital admission rates for asthma were obtained for Cardiff electoral wards and compared with the Townsend indices of deprivation. A survey of respiratory symptoms was conducted in schoolchildren; prevalence of symptoms was compared with Townsend index and asthma admission rate for the schools' catchment areas.
Introduction
Poverty and social deprivation are associated with increased mortality (1) and morbidity (2, 3 ) from a wide range of diseases. Hospital admission rates tend to be higher in areas of social deprivation, as measured by the Townsend index of material deprivation (4). A strong correlation was reported between the hospital admission rate for asthma and the Townsend index of the 18 districts in the West Midlands Regional Health Authority (5), and within one district in that Region (6).
The present study was conducted firstly to see whether a similar correlation exists between the asthma admission rates for children living in different areas of Cardiff and the local Townsend indices of deprivation. Second, it presents evidence from a survey of local schoolchildren as to the prevalence of respiratory symptoms and mode of treatment for asthma, in order to .see whether the relationship between deprivation and asthma admission rate is attributable to higher prevalence or poorer treatment of the disease in the more deprived areas.
Methods
The census conducted throughout the U.K. in 1991 collected information on a number of variables, some of which can be used to calculate Townsend indices of relative deprivation for small areas. The Townsend index is widely used in Britain by demographers and health economists as a measure of social deprivation; it is a composite score based on the following elements: unemployment in men aged 16-64 and women aged 1659 years; the percentage of private households who do not possess a car; the percentage of private houses that are not owner occupied; and the percentage of private households with more than one person per room (7). Townsend indices were calculated for each of the district wards in Cardiff, as defined for purposes of local elections. These indices were supplied by the Information Services of South Glamorgan Health Authority, who also provided the numbers of hospital admissions for asthma in the electoral wards for the four financial years (April-March) 1991-92 to 199495. Mean annual admission rates were calculated for various age groups using the 1993 mid-year estimates of resident populations.
A questionnaire survey was conducted amongst the pupils of local high schools, enquiring about certain respiratory symptoms. This questionnaire was based on that used in the International Study of Asthma and Allergies in Childhood (ISAAC) (8) a survey being conducted throughout Britain at the same time. The ISAAC questionnaire was administered in one high school in Cardiff, selected at random, and the head teachers of the other Cardiff high schools were asked if a similar survey could be conducted in their schools. Those schools whose pupils were selected other than by area of residence (Welsh, Anglican and Roman Catholic schools) were excluded. Explanatory letters were sent to the parents of children in school years 8 and 9, comprising children aged 12-14 years, and the questionnaires were given to the children to complete in class without the opportunity to confer. The local questionnaire contained the same questions relating to symptoms as the ISAAC questionnaire, together with a supplementary question about medication taken in the last 12 months for wheezing or asthma; pupils were asked what they had taken and in what circumstances (when they were wheezy, at fixed times, before exercise, or during/after exercise). Of the 13 Cardiff high schools, one declined to participate in the survey. In another school, the questionnaire was inadvertently given to pupils in school years 7 and 8 (i.e. aged 11-13 years), and the staff then refused to conduct the survey in year 9. The results were very similar in the two years surveyed, so they were retained in the analysis. In some schools using the local questionnaire, certain forms were not surveyed or had low response rates, owing to poor co-operation by staff or pupils, inconvenience, or other reasons. In order to avoid the danger of differential selection of individual children, the forms in these schools with a response rate below 60% were excluded. Table 1 shows the numbers of children initially available for the survey, those in the co-operating forms, and those who participated; school L is the school selected for the ISAAC survey. 
Results
There are 26 electoral wards in Cardiff, with Townsend indices ranging from -4.9 (the least deprived) to 8.9 (the most deprived). There is no obvious relationship between the degree of deprivation and proximity to the relevant hospitals. As a preliminary procedure, the Townsend indices were correlated with the asthma admission rates for the electoral wards in five broad age groups (O-4, 5-24, 2544,45564, and 65 + years) using Spearman's Rank correlation coefficient. At every age there was a strongly significant correlation between asthma admission rate and Townsend index, such that the more deprived wards had higher admission rates (P<O.OOl for the first four age groups, PcO.01 for the oldest group).
The electoral wards corresponding to the schools' catchment areas were identified, and their Townsend indices were correlated with the admission and prevalence rates using Spearman's Rank correlation coefficient. Where a school drew from more than one ward, a mean index was calculated, weighted according to the numbers of persons aged 5-14 years in the ward populations. For each of the school catchment areas, a mean asthma admission rate was calculated for persons aged 5-14 years, weighted according to their numbers in the electoral wards. Table 2 shows the Townsend indices and asthma admission rates for these areas, together with the rank in each case. The association is highly significant (r=0.87, P<O.OOl). Table 3 shows the prevalence of various respiratory symptoms in the children, together with the ranges within the schools. 'Disturbed nights weekly' refers to children who said that their sleep had been disturbed by wheezing one or two nights per week on average, during the last 12 months. 'Severe wheeze' is wheezing during the last 12 months that has been severe enough to restrict speech to one or two words at a time between breaths. 'Chronic phlegm' refers to children who 'usually seem congested in the chest or bring up phlegm (mucus) with colds', or 'apart from colds', and reply 'Yes' to the question 'Do you seem congested in the chest or bring up phlegm on most days (4 or more days a week) for as much as 3 months of the year?'. The question about phlegm [derived from a questionnaire by Ferris (9),] was not in the ISAAC questionnaire and was therefore used in only 11 schools. For some of these symptoms, the range in prevalence was quite wide (two-fold or more), and in five cases (wheeze in last year, ~3 attacks, severe wheeze, asthma ever, >6 colds) the same school (L) had the lowest prevalence. Without this school, the range for 'asthma ever' was quite narrow (22.2-26.9%). The only unusual feature of this school is that its catchment area contains a far higher proportion of ethnic minorities than those of the other schools. The Townsend index was not related significantly to the prevalence of any aspect of wheezing or asthma, but it was related to the prevalence of chronic phlegm and frequent colds, and very strongly related to the proportion who reported that someone in the house regularly smoked cigarettes. The asthma admission rates were not significantly related to the prevalence of any symptom of wheeze or asthma; the correlations with four or more attacks and disturbed nights were in opposite directions (as was also the case for Townsend index). The admission rate was strongly related to the prevalence of chronic phlegm and the presence of a cigarette smoker in the house. Table 4 shows the percentages of children who reported using inhalers; in most cases they gave the name of the inhaler, but some gave a description that enabled it to be classified (e.g. 'blue inhaler' = bronchodilator, 'brown inhaler'= steroid). The percentage who used inhaled steroids 'at fixed times' (whether or not they are used at other times) was noted as a marker for correct treatment of moderately severe asthma [ Step 3 in the British Thoracic Society guidelines (lo)]. The Townsend index was not related significantly to the proportion taking inhaled bronchodilators or steroids, or the proportion who used inhaled steroids at fixed times; in each, case the correlation coefficient was negative. The asthma admission rate was not related to any of these proportions. The number of children using inhaled cromoglycate was too small (30 in total) to be used in any analysis.
The questionnaire data were further examined to see whether the presence of a smoker in the house was related to any of the symptoms in the children individually. The presence of a smoker was very strongly related to chronic phlegm (Chi-square with Yates's correction=31.7, P<O.OOl); it was also significantly associated with disturbed nights and wheeze in the last year (x2 = 9.55 and 6.76 respectively, P<O.Ol), marginally with frequent colds (3.60, P=O.O6), and not with any of the other symptoms.
Discussion
This study confirms findings from the West Midlands of a strong association between deprivation and hospital admission for asthma (5,6), and shows that the association occurs at all ages. The range in admission rates is large, implying considerable scope for reduction in admissions if the causes could be identified and tackled. Variations in local admission rates do not necessarily reflect differences in prevalence; one survey reported some relationship between prevalence and hospitalization for respiratory disease, but data for asthma were not examined separately (11).
The survey was conducted to see whether the prevalence of asthma and related symptoms varies in the different parts of the city. The questions about wheeze and asthma form part of a validated questionnaire which is being used throughout the U.K. and elsewhere (8). The prevalence of these symptoms was not related to the Townsend index of the area nor to the asthma admission rate. The link between deprivation and asthma admissions in children is therefore not attributable to any excess of asthma (diagnosed or undiagnosed) in the more deprived wards. In contrast, a relationship has been reported between the prevalence of disabling asthma and deprivation in adults (1 l) , and between asthma and deprivation in women though not in men (3).
The limitations of the data must be acknowledged. The children attending these schools were taken to represent the local population; children attending private or specialized schools were not included, and since they tend to come from more affluent backgrounds their omission is likely to reduce rather than exaggerate the variation between the areas. The use of self-reported data on symptoms and medication obviously involves some inexactitude. A preliminary study (unpublished) examined the reproducibility of some questions after a month and the degree of agreement between children and parents; for 'asthma ever' the concordance was 97% within children and 92% between children and parents, for 'chronic phlegm' it was 78 and 86%, while for '>6 colds' it was 84 and 82%, respectively. The effects of these imprecisions will be to underestimate the correlations between symptom prevalence or medication use and the other variables. Nevertheless, there were significant correlations with chronic phlegm and frequent colds, and (in the individual data) for disturbed nights and wheeze.
The prevalence of 'asthma ever' showed relatively little variation, particularly if one school was excluded, which had the lowest prevalence of several symptoms. This school contains the highest proportion of non-white children, whose ethnic origin was largely from the Indian subcontinent and Somalia. In a survey of children aged 7-11 years in Southampton, wheeze, night cough and diagnosed asthma were reported much less frequently for Asian than for European children (12), and a survey of British primary schoolchildren found a lower prevalence of persistent wheeze among inner-city children whose families originated from the Indian subcontinent than among White children living in the same inner cities (13). A study in Australia showed the prevalence of wheeze in persons under 20 years old to be highest in Australian-born non-Asians, lowest in Asian immigrants, and intermediate in . On the other hand, a survey in South London found a similar prevalence of wheeze in children of European, African and Indian origin (15). The ethnic origin of the individual children was not recorded, so it cannot be assumed that the nonWhite children in Cardiff have fewer symptoms, but this is a possible explanation of the lower prevalence in that school. Conceivably, their lifestyle is in some way protective; alternatively, a different linguistic background may affect their understanding of the questionnaire.
Unlike wheeze and asthma, chronic phlegm and frequent colds were significantly associated with Townsend index. Overcrowding contributes to the Townsend index and presumably increases the risk of respiratory infection. The presence of a smoker in the house is another factor that mediates the link between deprivation and respiratory symptoms; it was strongly associated with the Townsend index and (in the individual data) with chronic phlegm in the children. The effect is not necessarily attributable to passive smoking alone, since children whose houses contain an adult smoker are more likely to smoke themselves-indeed, the child may be the only smoker in some cases.
Although the admission rate for asthma was not significantly related to the prevalence of asthma or any aspect of wheeze, it was correlated with the prevalence of chronic phlegm and the presence of a smoker in the house. These correlations may arise simply from the tendency for chronic phlegm and smoking to be markers of deprivation; alternatively, the presence of a smoker could exacerbate asthma and increase the risk of a need for admission. The latter possibility is strengthened by the association between a smoker in the house and disturbed nights in the individual children. In an American survey of young children, both these mechanisms seemed to operate: maternal smoking was independently associated with risk of hospitalization, prevalence of asthma, and use of asthma medication (16).
The information about treatment was recorded because of the possibility that inadequate or inappropriate treatment could be the link between deprivation and hospital admission. Other workers have reported that low social class is associated with less likelihood of treatment in wheezy children (17) and poorer control of asthma in adults (18). The correlation coefficients with Townsend index, although not statistically significant, were all negative, i.e. in the expected direction. Failure to use bronchodilators and inhaled steroids appropriately may contribute to the excess risk of admission in poorer areas, but the effect is not very strong.
The greater risk of hospital admission for asthma among children living in deprived areas is therefore not attributable to any higher prevalence of the disease. If the reasons could be identified and addressed, there would be a considerable saving in health service resources, particularly if (as seems likely) the same factors operate at other ages. A reduction in cigarette smoking is the most obvious measure that would contribute to this end.
